Our research has focused on the effect of the quality and quantity of protein intake on calcium (Ca) utilization and kidney calcification in rats (1-4). We have shown that an increase in the intake of casein or soybean protein increases urinary Ca excretion without affecting Ca absorption or retention. The kidney Ca content was reduced by an increase in protein intake.
Our research has focused on the effect of the quality and quantity of protein intake on calcium (Ca) utilization and kidney calcification in rats (1) (2) (3) (4) . We have shown that an increase in the intake of casein or soybean protein increases urinary Ca excretion without affecting Ca absorption or retention. The kidney Ca content was reduced by an increase in protein intake.
We also reported that a simultaneous increase in oil intake and alteration in protein intake markedly increased the kidney Ca content, especially in rats fed a low-protein, high-oil diet (5) .
Animal experiments were conducted using appropriately modified diets, based on the American Institute of Nutrition (AIN) purified diet 76 (AIN-76) (6) .
AIN-76 has been used worldwide in many animal experiments since 1977, when the AIN approved it as a standard diet. In 1993, AIN-76 was improved to produce the AIN-93 purified diet (7) , partially because AIN-76 caused kidney calcification when used in female rats. The AIN implicated the Ca/phosphorus (P) molar ratio of AIN-76 in kidney calcification.
Several studies have shown that kidney calcification observed in rats fed AIN-76 was provoked not only by inappropriate Ca/P molar ratios but also by the intake of other nutrients (8) (9) (10) (11) . The results suggested that the causes of kidney calcification after consuming the AIN-76 diet were influenced by nutrients such as protein and oil, in addition to the Ca/P molar ratio of the AIN-76 diet. Calcium and phosphorus sources in the mineral mixture of the AIN-76 diet were derived from calcium phosphate (CaHPO 4·2H2O) and although we have changed the calcium and phosphorus sources it is still important to consider the mineral content and form of the mineral mixture because these influence mineral metabolism.
We changed the Ca and P sources to clarify the quantitative and qualitative effects of Ca and P on Ca utilization and kidney calcification in rats.
We studied the relationship between Ca utilization and kidney calcification using a modified AIN-76, in which we changed the Ca source from calcium phosphate (CaHPO 4·2H2O) to calcium citrate (Ca3(C6H5O7)2·4H2O) and the P source from calcium phosphate (CaHPO4·2H2O) to potassium phosphate (KH2PO4), without any change to the Ca/P molar ratio, so that alterations to the composition and contents of other minerals were minimized.
In addition, we examined the effects of various amounts of oil intake on kidney calcification in rats fed low-protein diets, as used in our previous studies.
Effect of Dietary Mineral Sources and Oil Content on Calcium Utilization and Kidney Calcification in Female Fischer Rats Fed Low-Protein Diets
ExPERiMEntaL MEthODS Table 1 shows the composition of diets prepared by modifying AIN-76. They contained 10 or 20% protein. The 20% protein diet group was fed a 5% oil diet while the 10% protein diet group was fed a 5, 10, or 20% oil diet. Diets were supplemented with minerals from phosphates and citrates to prepare 8 kinds of experimental diets.
Experimental diet.
The calcium phosphate diets (P diets) was unchanged in mineral source. The calcium citrate diets (C diets) was prepared by replacing calcium phosphate (CaHPO4·2H2O) of AIN-76 with calcium citrate (Ca3(C6H5O7)2·4H2O) as the Ca source and replacing calcium phosphate (CaHPO4·2H2O) of AIN-76 with potassium phosphate (KH2PO4) as the P source. Dietary Ca and P contents were adjusted after taking the caseinderived Ca and P into account. Other components were controlled as reported previously (2) .
The potassium content was increased compared to the basic AIN-76; it was not increased to 0.360% in the P diets, in which there was no change in Ca source, while the content was increased to 0.512% and 0.439% in the 10% and 20% protein diets, respectively, in the C diets. The content of citrate (C6H5O7) was 0.449% in both the 10 and 20% protein diets in the P diets while it was increased to 1.67% in both the C diets.
Experimental animals, housing and diets.
We used 48 4-wk-old female Fischer 344 rats (CLEA Japan, Inc.). They were housed individually in metabolism cages where a 12-h dark-light cycle (light on, 8:00-20:00 h), room temperature of 2461˚C, and humidity of 5565% were maintained. Rats had free access to deionized water and the experimental diet.
After the 5-d pre-experimental period, rats were divided into 8 groups of 6 rats so that the mean body weight of each group was the same and they were kept for a period of 40 d. They were anesthetized with Nembutal after a 16-h fast. Blood samples were then drawn from the abdominal aorta and kidneys were removed. Significance was determined by one-way analysis of variance (one-way ANOVA) in the rats given diets containing 20% protein and 5% oil. 4 Significance was determined by two-way analysis of variance (two-way ANOVA) in the rats given diet containing 10% protein.
Values with different superscript letters were significantly different by Tukey's method (p,0.05).
* NS: not significant. Significance was determined by one-way analysis of variance (one-way ANOVA) in the rats given diets containing 20% protein and 5% oil. 4 Significance was determined by two-way analysis of variance (two-way ANOVA) in the rats given diet containing 10% protein.
* NS: not significant.
The experimental protocol was designed in compliance with the Guidelines for Experimental Animals of Tokyo Seiei College.
3. Balance test. Balance tests were conducted for 5 d (days 31 to 35), similar to our previous method (5).
Fractional absorption (%) (absorption) and fractional retention (%) (retention) were calculated using the following formulae:
Fractional absorption (%) 5[(intake2fecal excretion)/intake]3100 5fecal excretion/intake3100
Urinary excretion (%) 5urinary excretion/intake3100 4. Analytical methods.
Analyses of diets, feces, and urinary minerals:
A certain amount of each sample was put in an analyti- cal hard test tube and was subjected to wet ashing in an aluminum dry-block bath after adding nitric acid. Then, 0.5-mol/L hydrochloric acid was added to the sample before Ca was measured using an anatomic absorption spectrophotometer (SpectrAA-20, Varian Medical Systems, Inc.).
Biochemical examination of urine:
(i) pH: Fresh urine was obtained between 10:00 and 12:00 h on day 38 and the pH was immediately measured using a pH meter (HORIBA twin pH9).
(ii) Biochemical examination: Urine samples collected for 24 h, between 10:00 am on day 36 and 10:00 am the next morning, were subjected to biochemical examination. Kidney function was estimated using the following measurements in urine: albumin and b2-microalbumin, determined by EIA (Panapharm Laboratories, Inc.), N-acetyl-b-d-glucosaminidase (NAG) activity by NAG Test Shionogi (Shionogi & Co., Ltd.), urea nitrogen using the urease indophenol method (Wako Pure Chemical Industries, Ltd.), and creatinine using the Jaffe method (Wako Pure Chemical Industries, Ltd.). Raw measurements were corrected for 1 g of creatinine voided in the urine.
Kidney samples:
After wet weights of the kidneys were measured, the right kidneys were subjected to mineral analysis after conventional wet ashing, as mentioned above (5), while the left kidneys were fixed with 10% neutral formalin phosphate buffer and then embedded in paraffin wax to prepare sections following the conventional method (4). The sections were stained with hematoxylin-eosin (HE) and Von Kossa for pathological observation.
5. Statistical analysis. There were 3 factors in this study: mineral source (P or C diet), dietary protein content (10 or 20%) and dietary oil content (5, 10, or 20%). However, we did not adopt 3-way ANOVA for the statistical analysis because the oil content was set at 5% in the 20% protein diets. Thus we analyzed the data as 2 experiments; the effect of mineral source (P or C diet) in rats given diets containing 20% protein and 5% oil, and the effects of dietary oil content (5, 10, or 20%) and mineral source (P or C diet) in rats given diets containing 10% protein.
Statistical analysis was mainly conducted using ANOVA. We performed a one-way ANOVA (ANOVA1) on mineral source (P or C diet) in rats given diets containing 20% protein and 5% oil. Differences between dietary oil content (5, 10, or 20%) and mineral source (P or C diet), in rats given diets containing 10% protein, were examined using a two-way ANOVA (ANOVA2).
A post hoc test was performed using Tukey's method for rats given diets containing 10% protein. Statistical significance was set at p,0.05 in every test. Statistical analysis was performed using Excel Statistics 2008 (Social Survey Research Information Co., Ltd.). Table 2 shows food intake and body weight gain in rats during the experimental period.
RESULtS

Food intake and body weight gain
ANOVA1 showed that the mineral source had no significant effect on food intake or body weight gain.
ANOVA2 revealed that dietary oil content had significant effects on food intake and body weight gain. Multiple comparisons showed that an increase in the dietary oil content reduced food intake but increased body weight. The mineral source had no significant effect on food intake or body weight gain.
Ca balance
Results of the calcium balance test are shown in Table  3 .
ANOVA1 showed that urinary Ca excretion was affected by the mineral source.
ANOVA2 revealed that the dietary oil content influenced Ca intake and urinary Ca excretion. Ca intake was increased in rats from the P diets group compared with C diets group, suggesting mineral sources influenced Ca intake. However, there was no difference in absorption or urinary excretion of Ca between the two diet groups. Table 4 lists the kidney weight and kidney mineral concentrations.
Kidney weight and kidney mineral concentrations
ANOVA1 revealed that the mineral source did not affect these parameters except for kidney weight.
ANOVA2 revealed that the mineral content significantly increased as the dietary oil content was increased: Ca contents were 0.30260.102, 1.29360.306, and 2.11760.533 mg in the 5, 10, and 20% oil diet groups of the P diets group, respectively and 1.10460.488, 2.71860.629, and 7.21762.191 mg in the 5, 10, and 20% oil groups of the C diets group, respectively. In summary, kidney Ca, P, and magnesium (Mg) contents per 1 g kidney were significantly increased in proportion to the dietary oil content.
Mineral source influenced kidney weight per se or per 100 g body weight. Ratios of the Ca contents per 1 g kidney in the C diets group compared to those in the P diets group were 3.7, 2.1, and 3.4-fold in the 5, 10, 20% oil diet groups, respectively, indicating distinctive effects of the mineral source. Table 5 lists the urinary biochemical markers of kidney function.
Indicators of kidney function
ANOVA1 revealed that urinary pH, albumin, NAG activity, b2-microglobulin level, and the urea nitrogen level were not significantly affected by the mineral source in the diet.
ANOVA2 revealed that the dietary oil content influenced b2-microglobulin and interaction of mineral source and oil level influenced albumin.
Histological findings of the kidney and kidney calcification
Histological findings are presented in Fig. 1 and 2 , while calcified lesions are depicted in Table 6 . When fed the 20% protein diet, rats in the P diets group and C diets group showed no difference in their degree of calcification, which was minimal.
When fed the 10% protein diet, rats in the C and P diets groups showed more calcification in proportion to the amount of oil intake. The kidneys of rats in the C diets group were markedly advanced in calcification compared to rats in the P diets group. Histological examination of the kidneys disclosed calcification at the corticomedullary junction.
DiSCUSSiOn
We have been continuing animal experiments using AIN-76 in an attempt to systematically prove that this diet provokes kidney calcification, not only via its specific Ca/P molar ratio but also via effects of other nutrients, as we reported previously (1) (2) (3) (4) (5) . In addition, the observation of such calcified lesions may make it possible to clarify Ca utilization in relation to other nutrients in rats.
As described in "Experimental Methods," this experiment was performed to observe the effects of mineral sources without alteration to the original dietary Ca/P molar ratio.
The 20% protein and 5% oil diet based on AIN-76 has been used as a control or standard diet in many experimental studies.
Matsuzaki et al. showed that a high P diet, based on AIN-76, affected kidney calcification (12) . Their control group, fed a 20% protein diet, showed the same level of kidney Ca and P contents as in our present study. Chonan et al., who observed the effects of a high P and Ca diet, based on AIN-76, in the kidney (13), also reported the kidney Ca, P, and Mg contents in their control group to be consistent with our results.
Kidney Ca, P, and Mg contents were not significantly different between the P and C diet groups in rats fed a 20% protein and 5% oil diet.
There was no significant difference in Ca absorption or Ca retention between the P and C diet groups, although Ca intake and urinary Ca excretion were significantly different.
Kusano et al. reported that urinary albumin excretion was increased by protein intake in rats (14, 15) . Matsuzaki and Nakamura showed that urinary albumin excretion was increased by high-P diets and Mg-deficient diets in rats (16) .
Although urinary albumin excretion is an indicator of kidney function (17, 18) , there were no significant differences in urinary indicators or pathological status of the kidney due to differing mineral sources in rats given diets containing 20% protein.
Consequently, it is assumed that kidney calcification is not influenced by mineral sources in a 20% protein, 5% oil diet as long as the Ca/P molar ratio remains practically the same.
However, in the 10% protein diet groups, an increase in oil intake greatly changed the kidney Ca, P, and Mg contents, irrespective of mineral sources. Our previous study showed that in the P diets group, kidney Ca content increased in parallel with an increase in oil intake in the 10% protein diet group (5) . This is consistent with our present results.
However, when the P diets group and C diets group were compared, there were significant differences in kidney Ca, P, and Mg contents between the groups, regardless of oil intake. The two diet groups differed in Table 6 . Effect of dietary treatment on the degree of nephrocalcinosis in kidney.
Medulla
Experimental diet group (20) . It was reported by Katoh, that rats excreted a larger amount of citric acid and Ca in urine, with a lower pH, when fed an increased amount of protein (21) . Occurrence of human kidney stones are suppressed through alkalinizing urine with citrate (sodium salt and/or potassium salt) administration if urine is acidified (22, 23) .
In our present study, the mineral source did not affect urinary pH, and there were no significant pH changes caused by oil intake in the 10% protein diets. In addition, urinary pH was not affected by changes in citric acid intake from the P or C diet, at either protein intake level.
This result showed that although citric acid intake was higher in the C diets group compared with the P diet group, intake levels did not effect kidney calcification in low-protein and high-oil diets. In addition, urinary Ca excretion was increased in the C diet group compared with the P diet group but there was no difference in urinary pH in either group at 20% protein and 5% oil levels. The results suggest citric acid intake level did not effect kidney calcification in the present study.
Matsuzaki et al. reported the effects of a high-P diet, based on AIN-76, on kidney calcification (12) . They fortified the diet with tripolyphosphate. Chonan et al. also prepared a high-P and -Ca diet, based on AIN-76, to investigate its effects on the kidney. They enriched the diet with potassium phosphate (13). Matsuzaki et al. also reported on the differential effects of various doses and sources of phosphates on kidney Ca content, calcification, and function. They used sodium dihydrogen phosphate, potassium dihydrogen phosphate, sodium tripolyphosphate, and potassium tripolyphosphate (24) . These experiments have shown that phosphorus plays a key role in kidney calcification. It should, however, be appreciated that simultaneously increased potassium and sodium intake, which occurs with such P sources mentioned above, has never been correlated with kidney calcification.
Hypertension studies, in relation to mineral intake, showed that an increase in urinary sodium excretion was reported to be associated with an increase in urinary Ca excretion (25, 26) . It is also known that urinary sodium excretion antagonizes urinary potassium excretion (27, 28) . It was reported that potassium intake influenced urinary Ca excretion (29, 30) . Consequently, it is necessary to explore how calcium, sodium, and potassium output in urine influences kidney calcification. In this study, it was assumed that an increase in oil intake and potassium intake affected kidney calcification in the 10% protein diet group. We intend to clarify the relationship between potassium intake and kidney calcification using our new mineral mixture to produce different Ca/P molar ratios.
Histological examination of the kidney disclosed that Ca deposits increased in number parallel to kidney Ca content, in accordance with reports by Ritskes-Hoitinga et al. (11) , Matsuzaki et al. (12) , and Chonan et al. (13) . These pathological features did not greatly differ from those of our previous reports. Furthermore, Matsuzaki et al. (12, 31) made chronological observations of the kidney until it was calcified from a high P diet intake in rats. It was found that there was inter-individual variation in time until the occurrence of kidney calcification, even if rats were fed the same diet.
Matsuzaki et al. also reported that kidney calcification occurred in all rats fed a high-P diet over 5 wk; however, there was no significant difference in the kidney Ca or P contents in rats fed a high-P diet over 2 wk or 5 wk.
In this study, although there was inter-individual variation in the degree of kidney calcification in the C and P diet groups there was also intra-group variation in urinary albumin and b2-microalbumin levels in kidney. We suggest long-term feeding may eliminate the inter-individual variation.
Recently, a protein implicated in kidney calcification has been identified (32, 33) .
We intend to extend our pathological study of kidney calcification on the basis of this finding.
COnCLUSiOn
Factors affecting kidney calcification were not only Ca/P molar ratios in the diets, but also other nutrients in the diet, based on the AIN-76 diet. However, the degree of kidney calcification cannot be explained by nutrient intake levels alone.
We intend to clarify the factors affecting kidney calcification using our new mineral mixture to produce different Ca/P molar ratios.
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